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Abst riict: We. present the dcscrjption  of a pmccssor  which has bccm implcmcntccl  to
gcmratc map pmdLIcts stalling from C-baIKl  j II[cIfcIOIIIclIic data. ‘1’hc first stage oft he
processor consists of the conventional intcrl’cmmet rjc SAR processing producing a IJjgj[al
1 ilc.vation h40dcl (1>1 ih4s)  ami a SAR bright ncss inuigc in sensor ccmrdin:iles.  ]n the second
stage of pmccssing, a lad usc classification map is obtajncd  by using the l)liM,
brightness, and intcrfcromctric  corrc]aticm  ]aycrs. Auxi ]i:iry ]:iycrs which  inc]udc a drainage
]aycr, a lv.ight  gmlicnt layer,  a height error layer, an cst imatcd pcnct rat jon layer, and a
shaded relief layer are also computed, 1 n the final SIC]>, a] 1 IJ’1 ‘M co] loud cd ]a ycrs are
combi  ncd ill a GIS syst cln which a] lows for both hard copy map products and  for djgital
appl i cat ions.

1. 1 N’1’I{OI)UCTION

Conventional generation of map Jmduc(s using stereo imaging techniques requires human
i nicrvcnt ion, making the claborat ion of wide maps covcri  tlg very cxt cnsjvc areas a ciaunt ing
pmposit  ion. Recent] y, l~~e~~I[~~~cIr~c  S-AR Qt SAR) tcch~~g~gs  have shown the capabi]it  y
of producing digila]  clevat ion moTcTs  (1 ]RFd) TIREFiRTtIIIlc,  and without operator
jtltcj’vcl~tiol~.~iv  mlhc~?~gnisc  shown by these techniques, it is a natural cxtcnskm  to tIy

‘fly ~~ i&@i6ifi-;lt
<

mccss~I~  s@i5i~xq]ablc  of gcncrat  ing digital map producls  autol nat icall y
in near real tjmc. lR”~iwp6;c-Gf  this paper is to report  m such a prototype system which
has been imp]cmcntcct  at J1’1. for the. processing: of AIRSAR ‘1’OJ’SAR C-band
i j)[clfclc)lllcll”ic  data.

‘1’hc gods in clcvclopin,g  the aulomat~d mappi IIgst;gion  dcscribcd hc.rc were. the fo] lowing:. . . _

] ) Au[omatcd pJ”OdLICl  gcncrat  ion without operator intc.rvcntion  m ccliting.

2) Near real time processi[)g capabjlitics,

3) 1 and classification frojn inlcrfcromctric data alone.

4) 1 )igital products in a GIS LIsablc  format.

5) Abj I it y to prod ucc hard copy OLItpLI( of st tl]ldi~y(l  map  products.

‘J’hc following section describes the Jf’1. AIJTOMA1’ pmccssor  which has been
i mplcmcntc~i  to achieve tbcsc goals.

2. PltOCICSSOR IMP] ,1WIILN’1’A’1’1ON
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‘1 ‘he \J’1’OMA1’ proccssoI t akcs raw jntcrfcmmetric  data (c.g,., the data gcncratcd by t hc
J]’]. ‘1’OPS~~~~:~”,~ pIodLIccs  ty@lypps  d~xwducts: ] ) Gcolocatcd  topographic
maps; and, 2) A nmlti-layer GIS (iatabasc  which can be cxaminccl  on a work statjo~l.  “1’hc
AIJrl’OMAP  pmccssor can be divdcd  functionally into four (see l;igurc 1):%-------- . . . . . . . . . . . . . . .



● ‘I>hc  1 I U’ROC l’roccssor: ConvcJts  Jaw intcrfcmncl  rjc dat d into heights, radar brig h(ncss,
:In(i  corrcl;ition  film.

● GIS ]ht a 1,aycx Ckncrat ion: ‘1’akcs t hc oulputs from 1 t 0’ROC and compulcs the la yc.J”s
which will bc inc.orpcmtccl  into the GIS database,

● Gcolocwcd  GIS Quaci:  C~ive.n IIN desired map locnt ion and si ZC, crcatcs a gcolocwtcd
databmc incorporating the desired data ]aycrs.

● Map 1 ‘rodmt Clcncra[ion:  Maims map products suit ab]c for printing,

‘1 ‘hc J,EPR()~‘ ‘&:QCLln~c:!:Ji d;:y~!’c,  and this manual will rcstr;ct itself
10 a brief overview of how II IS lntcg= tt) fic rest d the AIJrl’OMAP pmccssor.

‘1’hc II JI’ROC nmiulc  of lhc pmccssor  always outputs  four data files which correspond  to
t hc height, brjght ncss, corrc] fit ion, and he’ hw.dala,..sjnq~  JJSSY rcquircmcnts  for tbc output

fmap ]mxim[s are variable, t hc ml of th &~J~~OM Al’ mccssor
+3--?

(icsigncd for flcxibi  lit y
in both t hc output JWOCill  C(S an[i in t hC Conlcilt  s Einllc 1 da asc.. The user can specify
1 i]c (ic.si rc(i ]mxi UC(S by using a nmlLI,  which can bc fi ] kxi interact ivd y or pt’cse.t  prior to
1“111) time.

‘1’hc processor is currcnlly  inyllcnmntc(i  in a 1 6-processor Silicon Graphics Power
[lallcngc  COIIIpUtCJ  an(i  a 1)1 K Alph:t work stdion which is used as a front-cn(i  for
(iisJllay;ng the ~J]s (iala  :m(i pr; nting  outplt JllOciLIclS. ‘1’hc Ggmptcr intensive code is ILIn in
the Silicon GraJ~hics comJmtcr  m(i is writ[cll ill C++, (;, an(i 1 ~OR1’RAN.  ‘J’hc
COmmcrciall  y :wai Iablc package PC] is uscci to gcolocatc  t hc (i at a layers, cio some
Jwoccssing s[cps, an(i (iisJ>]ay the data. ]’(;] JH”occssing s(cps arc run automatica]]y  using
lhc Pm “casi” scl’jJM ]~ll~Lla~C.

‘1’crrnin  Classification

‘1’hc tcmin c1 ossification mociulc takes in tbc height, br;gbt ncss, MCI corrcJat ion data
prodllccci  by 1 f TROC,  COIN])LltCS a scrjcs of (i at a feat llrc layers, an(i J>C~fOl”lllS terrain
classification using a mixture of Baycs  classification an{i knowlc(igc hscci algorithms, A
flow (iiagram  is prcscntcd  in I ‘igurc  2.

----

‘1 lc following is a brief cicscript  ion of c:ich oft he. programs in the terrain classification
]no(illlc:

. fca,urcvcc,o,:k”  ~ JINS progr,im takes ti~c tilrcc fi ics gcncratc(l by 1 i 0’ROC anti gcncratcs a
sc~~fii%r  dcTfincci  features to bc LRCCi by the ]Mycs classific.r.  ‘1’hc fcalurcs currently
inyicn)cntc(i  arc:

● ‘1 ‘J]c rwiar brig,ht  ncss corrcctc(i  for incicicnce  :tnglc.,  ante.nna pattern, and range
Cffccm.
● “J’llc mcas LII.c(i corrcJation bet wccn the IWO 1 I flAR clmnncls.
● ‘] ‘hC CdCLl]d C{i “JXXICt l’dti Oil” (COI’l”Chlt ion COI”lCCtC(i  fOl
thermal noise an(i tilt cffcc[s).  “1’0 obtain this feature, cicfinc the volumctrjc
(iccorrclat  ion, ~1,, as

‘)7 =  ~(.YyN
,

where ~ is the mcasurcci corrcl:it ion; ~~ is the (iccorrclation  dLIC to noi sc, cidi nccl as



y~=. 1
1+ SNR-l

where SNR is the signal-to-noise ratio; and, ~[; is the dccxmdaticm  duc to the size
of the rcso] W ion ccl 1 ad the local  surface slope. ‘1’hc “pcmt rat i on”, CJZ , which is a
mc.asurc of [hc stan(kmi deviation of scatlc.rcrs  in Ihc vcrlical  dircdion, is defined as

● ‘1’hc height rms imidc< a window whosc;;im  is dclcrmitml by the user.
● ‘1’hc SIO}M rms imidc {i window whose. six is (Iclmnincd by the user.
● ‘J’IIc hrighincss  rms inside a window whose size is dctcrmid by the mu”.
● ‘l TI”IC 1“111s  of fhc Clctrcndccl  Slope.
● ‘1’hc rms of the dctrcnclcd  hcighl.

in a(iclitim,  fcaturcVcctor calcdatcs  lhc surface slopes in the norlh an(i east clirccticms.

● ~~y~ass: ‘1’his mocldc imp]cmcnts  a s[andard  Baycs  classifier assuming  Gaussian
probablll[y  dcnsit y functions and equal a priori pmbabilitics.  ‘1’hc inputs consist of the.
features calculated by fcalurcVwtor  and a file which con[ains the training information
reel ui red by t hc IIaycs Classifier. ‘1 ‘hc phi losoph y bch ind this approach has been to
dccomposc  the true fca[urc pdfs using Gaussinn  basis fmctions,  an(i each basis func(ion is
t real cd as a separate class in the cl assificat ion. Forth is vcrsim of lhc processor, a t 0( al of
four lal~cl  usc classes have been chosen: wa~cr,  trees, urban,  I]c)I]-tI’cccl/J]  oI~-LIIl>a[I  lcrmin.
‘1’0 go from the many (typical] y on the order of 20) classes uscci in t hc Baycs classification
to these four classes, a pro~cclion  method is LIscd, as dcscribc~i  bc]ow, “1 ‘rai ning was
accompli shc.ci by using silts for which ground truth }Mcl  been manual] y collcctcd.  ‘J ‘hc
lrai ning SC( spanned a Varici  y of Site.s inc]uding areas al’olmd t hc San ~ ‘hncisco ~ky at’ca,
{htcJ” ] .akc,  Washington, WC{ Ihc  ] .OS Angc]c.s {hunt y area.

● c~l~la Ss : As discussed above, the nulnbc,r of classes gcncratcci  by baycsClass
is grcalcr tlum the four c]asscs ullimatc]y used ill the terrain classification layer.
collapsdhss  uses a simp]c mapping [0 collapse the classific:ition  laycfr into four classes.

● clcan Class: ‘‘ lis . J -~)lSCS CO1ltCXtlllli  illfollll:lti[)ll  tO C]Call U]) thC. W:itCJ’  ]aye,r ill thC
classi ficat iol ). “1’hc  information used i ncludcs surface slope and area covcre(i  by conncctcd
Component s.

● siwc:  II) genera], the classification will have a greater resolution than is desired in the
output  map pro(luct.  The siwe moclLIlc decomposes the classification map into ccmncctc{i
conqmm]ts  and itcmt ivdy  ]~~&rgcs  sma] lcr oms into neighboring larger ones, mt i I every
component in the c.lassificat ion map has a minin am area.”1 ‘his proccclurc  avoids the
blockiacss assoc.iatcd  with simple averaging algorithms anti pJcscrvcs edges.

.

Fcatarc  Calculation

‘1 ‘hc AIJ’1’OM Al’ processor cmrcnt  1 y i mp]c.mc.nts only two :iutomat  ical  I y (Icrivcd feat urc
layms: t hc llloLlllt:lill/]>c:lk  and drainage layers.

● Mount ain/l%ak  l.ayw: ‘1~’lis Jaycr is gcneJa(c(i_  by two p!mgrams,  lpountain  ad
peak.  mountain computes  a mom~i;iii-mask  basc(i  on slope ami covcrcd  ar& criteria.
‘rhis mask, together with (1)c cleva[icm,  is used by peak (o find all Ihc malor mountain peaks
contained inside the momtain  mask



●  l)rainagc  IJayw: I)uc to its large memory rcquircmcnls,  the dminagc  layer is calculated
at the. map c]uad level, rather than for the strip map chit a. ‘1’hc drai nagc ncl work is dcu]atcd
l~y:~ll~o(l~llc  oftllcrl'OI'AZ  to]>[~gr:i]>lly  iillalysis  ]>:lckagc,  vc1sio1l  J.] O,]Jroc]Llccd  by Mal”lz
and ~i:~d?lCCht  folthc US ]>CpaJllllCllt  of Agl’icll]tlll’c. ‘]’hc comp]ctc’1  IO PAZ package can
l~lc:lsLllct  ()]~c~gr:\J~llic.]  ~ro]>cr[ie.s,(l  cfil~cs~lrf[icc(l  1.:li[l:lSc,  delimit w:ttcl”sllc(i  bolll~d:il”ics,
quantify the dminagc  network, aid paramct ri~c subcat chmcnts ad overland flow J)aths,
1)11[ wc USC onl y a small subset of its capabilities.

‘1 ‘o obtain a drainage nc[work,  t hc 111 ;I)NM ]nodulc first prc.]wmcsscs  the IX iM to remove
localized depressions by filling, Ihcm in up 10 the lowest ou(flow point,  ad lowering the
1 J] ;M ICVC.lS of local iz,cd i mpmmdmcnts  (dams) across drainage paths to allow the flow to
continue. 1 dat regions either in the l~liM  or pmciuccd  by dc]ucssion fill-in arc the.n
modified by addjng  small height variations consistent with the surrounding terrain and just
large enough to dcfjnc :i flow path across the rc.gions. ‘J’hc JM (deterministic cjght-
ncighbm)  nlcthod  is used to ca]cu]atc  the s[ccpcst dcsccnt  dircdicm for each pixel.  ‘1’hen,
st ar[i ng at each 1>1 iM ccl 1 in turn, the flow vcct(ws  arc fo] IOWCC1 from ccl 1 to ccl 1 until the
edge oft  hc IJl ~M is cncomtcrcd,  anti t hc upstream area wduc for each ccl 1 :i]ong the path is
i ncrcmcntcd. After all 1)1 ;M ccl]s have been used as starling Jmints, the upstream area value
for cad CC1l is the nmnbcr  of 111 ;M CCIIS that dl ain into that ccl]. l~inally, to define the
drainasc network, on] y cells that have an ups[rcam area greater than a threshold val uc (t hc
Oilical  SoL]rcc Area, GiA) arc marked, find paths slmlcr than a minimum ]cngth
(h4inimunl  SOUJCC  ~hanncl 1.cngth, MS(3.)  arc pruned. ‘1’hC GiA and MSO , C:Ill  bc
spat ial Iy varying to account for varying hydrologic cent ro]s, such as soi 1 t yJJc or
vegetation, but wc L]SC only a single value for tllcsc quantities for the drainage network
calculation.

‘1 ‘hc 1)1 H INM modu]c has been slight 1 y modific.{i  fort hc AIJFl “OM A}’ pm-pose. ‘J’hc original
pJ”c)gram ciid not have an exit path after the drainage network was Ca]cdatccl, so cmc was
addcci  as an option. ‘llc I)EM input routine was also modific.d  to read a binary I~liM  file,
:Ild tO :lCCOJllOddC  d:ltfl VdLICS  ]CSS hll ] J)l. ]hldiy,  thC OlltJNlt  iS 1’C~)OltC.d M a VC.Ct  OJ’
layer, rather than a bylc image.

Auxiliary ].ayers

]11 dditioll  to fhC ]M”CViOLIS  ]~lyCl”S,  A~]’J’oMAI’  COIIIP1l(CS  21 SC1’iCS  Of llSCfL1] :NIXi]i:l~y  ];lyCl”S
which may bc incorporated in the GIS data bas and output  Jmq) products:

● 1 ]cight ltrror 1 .aycr: A ]aycr containing the randoJn lY1’Ii  height cmJ”, as derived from
t hc. mcjasurcd  cor~clat  ion fund ion, is also calcu]atcd.  ‘1’hc height error is calcu]atccl  by first
cakm]atin~  t]lc cslimatcd phase mist, O~J,  using the @JJncr-]&m bound

=.] ~~-Y2
‘d) f2N y

where N is t hc number of looks. l’hc. hc.ight cmr js then estimated usi t]g the formu]  a

~1, L r (sin (1+ cm (Nan T)oq,=-
27CB

where 11 is the component of the baseline perpendicular to lhc. look direction, 0 js the local
incidcncc  ang]c, r is the range to the scaltcrcr loca(ion,  T is the surfac.c slope in the az,in)uth
direction, ancl 1 is the wavc]cngth.



● Shaded Rclicfi  A shaded relief inmgc is cdcwlatcd  froni the slope layers, ‘Ilc

brightness val~]c is set by forn~ing  the dol product,  fio;,  where fi is the local surface
nornd,  and ~ is the unit vcdor  in the look direction.

● IIrighfncss  Modulated Classification RGI{ 1,aycrs: Rd, green, and blue inlagc
planes arc gcncra(cd  usjng the brightness to set the inuige wiluc and the classification to set
the inlagc ]iuc.

●  ~SigmaO  IJayw: “1’hc  ra(liomctricall  y comctc(l  brightness feature is used as an auxiliary
l:lycl’.

●  IDmdration  1 ,ayer: ‘1’hc pcnct ration fc.at urc is used as a] I auxi 1 iary 1 ayer.

(;colocation  and G I S  I)atabasc  {icncrafion

‘1 ‘lIC gcolocdion  is pcrfornlcd  using nearest neighbor intcrpolat  iol) going fronl sensor
coor(iinates  to U’1’M. “1’hc, 61 S database gcncrat  ion is pcrforn~cd by using lTI, a
conln~erc.  ial 1 y avai lab]c. G] S progranl.  ~]iven  the user selected n)ap size. and locfit  ion and a
set of options, this module wil I resample the strip map laym gcncratcd  in the previous

llK)dLllC. to a lJ’IIM nmp using the WGS 84 ellipsoid. 11 will, in addition, CdClll~tC  a contoLII
lCVC1  vector Iaycr.  “1’bc outpLIt  GIS data base will be stored in }’0 fcmnat,

Map ]}rodud  Gemralion

‘lk map product  gcncralion  nlodulc  is pcrfornlcd  by using I’Cl hardcopy nmp nlaking
util  it ics to gcncralc t hc n]ap data product  sclcctccl  by t hc user. ‘J’hc output is in a s[andarcl
grq>hic.  forn)at  which can be oL]lpL]t  by a co]oJ’ ]Irinlcr or vicwcc]  c]cc[ronical]  y.

3. SAM1]I,I1  l{lXU1/TS

] ‘lgLllC  ~ ]M’CSCJltS:1  WJJII])]C Ol]tpllt  Of thC A~]r]’~M Al’ ]lJ”OCCSSOJ  fO1’ Chi[:l  (WY [hC Sill]
I~raJlcisco  Arc:). ‘1’}lc training set for this c]:issification was ohtaincd  by sc]ccting  small
rcprcscnt at ivc stunplcs for each of the four classes fron] the data it se] f. in lhc i n]agc,
<;o]dcn ~atc l’ark and the }’J”csidio  rcgioJl,  which arc kJlowJl to be treed,  aJ”c c]caJ’]y
rccogni~,ab]c.  ‘1’hc uJ%an areas agree with with lJSGS 7.5’ quacls. The IIay and Pacific
ocean al”c :1] so c]cd y idcnt ificd, A ddai ]cd con Ip:lrison  a&3illSl  grouJld t l“uth Confil’nls
Jmn y Of lhc dCl:li ]cd fC2JlllJ’CS  ObSCJ”VC(l  iJl  1]1(!  c1 :lSSiflC:ttiOIl  map,  dlhoLlgh  I]lCIC  arc a r e a s ,
sllch  ~ls j n the hi] ]s d?ovC  ~Jddcn  ~;;ik h“k Whc]”c th~ Cxtcn(  of [l’Cc covc~a~c  is ~ve~-
cst inultcd. ‘1’hc contour lines shown in the  II)ap arc obtajncci  fron] tbc TOPSAR  II WAR
derive.d 1)1 iM .

4 .  CONCI,lJSIONS

WI i have prcscJltcd a cicscrjJ>tion  of lhc JPI. ALJ’1’OMAI’  processor for generation of n~ap
pJ’oClllcts  and al]xiljary ]nycrs using ~~-b:lncl  113A]<  d:ita done. ]’rclinlinary  Icsu]ts ilK~iCatC
t bat the tcchniq ucs prcscntcd  here rcprcscJIt  an autonM c(i all  cmativc  10 traditional s[cIxm
])hOtO&@ly  fOJ’ ~CJICElt  i J)~ filliShd  JIM])  ]ModllCtS. ] ‘LIJlhC1’JllOJ’C, UC Clll~CIlt  ~>lOCCSSiJ)~

s )cd Q.f t hC ~ LJrl ‘O~C.-~fl.~~q~~lg~~I~~  KfiQ~~-~-”llSiIl  ~-a  ] 6-~i&CSSOl’
$ - - -

-..—-.-. . . . . ..
, ‘lli&~l”~;;;~hlcs  l)owcr {hdlcnge.  “1’his efficiency is nluch grc:iter than that which can be.
achicvcd using convc.ntiona]  optical techniques.



S. A CI{N()}VI,ICI)(; IIMICN’1’S

‘1’hc  research dcscrjbcd  in this  ]xi])cr was carrjcd  OLI(  by the Jet Propulsion 1.abtmfwy,
Glifornia lns[i[utc of Technology, un(icr con[ract  wi[h the National Aeronautics and Space
Adlninis[rat ion.
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